Tea and ginger are plants with high antioxidant potential. Combinations of antioxidants from different sources could also produce synergistic antioxidant effects. This study investigated the influence of solvent on antioxidant content of tea, ginger, and tea + ginger blends. Under the investigated extraction conditions, water was the most effective extraction solvent to maximise peroxide scavenging and iron chelating activity of tea, ginger, and their blends. Aqueous ethanol was the most effective solvent to maximise ABTS radical scavenging activity and ethanol was the best solvent to maximise DPPH radical scavenging activity. A good multivariate regression model that explains the relationship between the total flavonoid content of the extracts and their antioxidant activities was obtained (R 2 and Q 2 of 0.93 and 0.83, respectively). Extracts of tea-ginger blends exhibited synergistic effects in their ABTS and DPPH radical scavenging activity.
Tea is the most consumed drink in the world after water [1] . It is reported to have antimutagenic, anticancer, antiapoptotic, neuroprotective, hypoglycemic, antihyperglycemic, antioxidant, and antimicrobial effects [2] . Ginger has gained popularity worldwide for its culinary and nutraceutical usage [3] . Oral administration of aqueous extracts of ginger to healthy volunteers for five days, increased significantly serum total antioxidant status, erythrocyte reduced glutathione, and superoxide dismustase, and decreased significantly the content of malonyldialdehyde in erythrocytes [4] . It has been reported that extracts of fruits exert strong antioxidant and antiproliferative effects; hence the combination of phytochemicals in fruits and vegetables is critical for a powerful antioxidant and anticancer activity [5] . In this study we investigated the influence of extraction solvent on the antioxidant properties of tea, ginger, and their blends. We also tried to understand if the blends of tea and ginger powders could produce extracts with synergistic antioxidant effects. The antioxidant properties investigated were: total flavonoid content (TFC), total phenol content (TPC), 2,2′-azinobis (3-ethylbenzothiazoline sulfonate (ABTS) radical activity, diphenyl-picrylhydrazyl (DPPH) radical activity, peroxide scavenging (PS) effect, and iron chelating (IC) effect. TPC was measured as gallic acid equivalent (GAE), TFC as catechin equivalent (CE) and ABTS radical activity as trolox equivalent (TE). PS effect, IC effect and DPPH radical activity were measured as percentages.
The TFC, TPC, and antioxidant activities of tea, ginger and teaginger powder were influenced by the choice of extraction solvent, time, temperature and concentration, as shown in Table 1 The extractive capability of phenolic compounds from herb materials has been reported to depend considerably on the solvent type [6] . The study of Perva-Uzunalic et al. [7] enforces this hypothesis. They reported that the content of the main catechins in tea extracts obtained with pure water at 85 o C was lower compared with the main catechins obtained using aqueous solvents of acetone, methanol, ethanol, and acetonitrile. In this study we observed that aqueous ethanolic tea extract had higher total flavonoid content (1558.3 mg CE L -1 ) than aqueous tea extract (725.0 mg CE L -1 ) when extracted under the same conditions of temperature, concentration, and time. Adel and Prakash [8] reported the order of antioxidant activity of ginger extracts by free radical scavenging activity by DPPH as 80% methanolic > 80% ethanolic > methanolic > ethanolic > 30 o C water > 100 o C water > acetone extract. In this study the DPPH radical activity of ginger extracts was found to be in the following order: ethanol > aqueous ethanol > water. These results indicate that water is not an effective solvent for extraction of DPPH radical scavenging compounds from ginger. Turkmen et al. [9] reported that the aqueous ethanolic extract of black tea had a higher TPC compared with the absolute ethanol extracts. A similar pattern was also observed in this study, where the aqueous ethanolic extracts of tea had a higher TPC compared with the absolute ethanol extract.
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The partial least square (PLS) regression of TFC and TPC on the antioxidant activities (DPPH radical activity, ABTS radical activity, PS effect, IC effect) led to the identification of 2 PLS components. The overall model quality had a Q 2 of 0.29, R 2 Y of 0.53 and R 2 X of 0.87. DPPH radical activity, PS effect, IC effect and TFC had highest correlation of 0.92, -0.88, -0.86 and 0.51, respectively, with the first PLS component. The ABTS radical activity, TFC and TPC of the extracts had highest correlation of 0.87, 0.55 and 0.52, respectively with the second PLS component. A plot of the extracts on the axes of components 1 and 2 revealed the following extracts as having high score on the first two PLS components (indicating higher antioxidant activity): aqueous ethanol extracts of tea, teaginger 2:1 and tea-ginger 1:1; and ethanolic extract of tea-ginger 1:1. Three out of the four extracts with the higher antioxidant activity were extracts obtained from the tea-ginger blends. However, the outlier analysis revealed the aqueous tea ethanolic extract data as an outlier in the PLS model. This may be attributed to the very high TFC content of the extract compared with that obtained from the other extracts. Thus, a second PLS regression model was run leaving out the data from the aqueous ethanolic tea extract.
The second PLS regression of TFC and TPC on the antioxidant activities (DPPH, ABTS, PS, IC scavenging effects) led to the identification of four PLS components. The overall model quality had a Q 2 of 0.60, R 2 Y of 0.81 and R 2 X of 1.00. However, the first two components explained 92.5% variation in the data. The result from this model is a great improvement on the first PLS regression. The DPPH radical activity, IC effect, PS effect, TFC and ABTS radical activity of the extracts were correlated with the first PLS component with a correlation coefficient of 0.99, -0.87, -0.86, 0.76 and 0.56, respectively. The ABTS radical activity, TPC and TFC were correlated with the second PLS component with a correlation coefficient of 0.81, 0.58 and 0.53, respectively. The TFC had good correlation with ABTS radical activity, IC effect and DPPH radical activity with a correlation coefficient of 0.81, -0.64 and 0.72, respectively. The TPC was only well correlated with PS effect (r = 0.66). A significant correlation has been reported between antioxidant activity measured by DPPH radical activity and TFC and TPC [2] . The PS effect of the extracts also had a good correlation with DPPH radical activity and IC effect (r = -0.85 and 0.71, respectively). The PLS regression produced models that could give an indication of the TFC and the TPC of the extracts using the four antioxidant activities as the predictor variables (eqn 1and 2). The first PLS components, t1, of the second regression divided the extracts into 2 major classes (Figure 2 ). The first class, which is to the left of the axis (t1), consists mainly of the aqueous extracts while the class to the right of the class consists of the ethanolic and aqueous ethanolic extracts. This classification can be attributed to the DPPH values of the extracts. The aqueous extracts had lower DPPH values than the ethanolic and aqueous ethanolic extracts. The second PLS component also created 2 major classes along its axes (t2). The bottom class of the axis consists mainly of the aqueous, aqueous ethanolic and ethanolic extracts of ginger. Ginger extracts had low ABTS values. Blending of ginger powder with tea powder enhanced their ABTS values. A plot of the extracts on the axes of PLS components t1 and t2 indicated the following extracts as having a high score on the first two PLS components (top right quadrant of Figure 2 ): aqueous ethanolic extracts of tea-ginger 2:1 and tea ginger 1:1; ethanolic extracts of tea-ginger 1:1 and tea-ginger 2:1; and ethanolic extracts of tea. The high score suggests that these extracts have higher antioxidant activities when compared with the other extracts. Four out of the five extracts with the high antioxidant activity were obtained from the tea-ginger blends. This is an indication that synergistic benefits could be obtained by combining antioxidants from different sources.
The type of interactions (synergism, additive, or negative synergism effects) observed in the antioxidant activities of the tea and ginger blends are shown in Table 2 . These effects were determined as described by Queiros et al. [10] . All the blends showed synergistic effects for ABTS radical activity except ethanolic extract of teaginger 1:2 blend. All the blends except aqueous extracts of teaginger blend 1:1 and 2:1 showed synergistic effects in DPPH radical activity. All the blends had additive effects for PS effect, except for ethanolic extract of tea-ginger 2:1 blend which had a negative synergism. The ethanolic extracts of tea-ginger 1:1 and 2:1 had synergistic effects for IC effect while the other blends displayed additive effects. These findings support the study of Liu [5] that no single antioxidant can replace the combination of natural phytochemicals in fruits and vegetables in achieving health benefits.
Antioxidant effects of tea-ginger blends
Natural Product Communications Vol. 10 (11) 2015 1831 The theoretical values were obtained using the additive contributions of each powder. A, additive effect (theoretical and experimental values reveal differences lower than 5%); S, synergistic effect (experimental values are more than 5% higher than the theoretical values; NS, negative synergistic effect (experimental values are more than 5% lower when compared with theoretical values. Aq, aqueous extract; Aqeth, aqueous ethanol extract; Eth, ethanol extract.
In conclusion, this study has shown that a strong relationship exists between the TFC and antioxidant activities (DPPH radical activity, ABTS radical activity, IC effect, and PS effect) of tea, ginger, and their blends. The extracts obtained from the blends of tea and ginger showed more synergistic and additive effects and less negative synergistic effects. Hence we suggest that the combination of phytochemicals from different sources should be promoted to enhance the health benefits derived from them.
Experimental
Plant material and processing: Tea and ginger were processed as described by Makanjuola et al. [3] . Tea leaves obtained from Obudu Mountain in Cross River state in Nigeria were sun-dried, ground and passed through a 1.4 mm sieve. Ginger rhizomes obtained from Kaduna state in Nigeria were peeled, sun-dried and ground. The powder samples were passed through a 1.4 mm sieve. The powders were packed in aluminum foil and stored under refrigerated condition until analysis.
Extraction:
The extraction was made in a conical flask placed on a temperature controlled magnetic stirrer (UC 152, Bibby Scientific, UK). The stirrer speed was set at scale 3. Appropriate solvent (water, aqueous ethanol, or ethanol) was then introduced into the conical flask. The flask was covered with aluminum foil to minimize light penetration. The accuracy of the extraction temperature was ensured with the aid of a temperature controller. The temperature controller (SCT 1, Bibby Scientific, UK) was placed inside the conical flask and connected to the temperature controlled magnetic stirrer. When the extraction temperature was reached, 0.15 g of the appropriate powder was introduced into the conical flask. The extracts were filtered after extraction to remove the residues. An extraction temperature of 60 o C and extraction time of 30 min was used. The conditions were chosen based on the work of Perva-Uzunalic et al. [7] , where it was reported that dry matter (major catechins and caffeine) of green tea extract solutions reached maximum values from 3.1 to 3.6 mg mL -1 after 30 min of extraction and remained approximately constant up to 120 min at temperatures of 60, 80 and 95 o C, respectively.
Antioxidant analysis: TFC, TPC, ABTS radical activity, PS effect, IC effect and DPPH radical activity were assayed as described by Makanjuola et al. [3] .
Software: The analysis of variance, Fisher's least significant difference and partial least square regression (PLSR) were made with XLSTAT Pro, 2013 (Addinsoft). Data were centered and scaled before running the PLSR.
